Introduction: Statins are group of drugs used to reduce total and low density lipoprotein (LDL)-cholesterol level and to reduce the morbidity and mortality of cardiovascular diseases. Meanwhile, induced skeletal muscle-specific mitochondrial impairment, oxidative stress and myotoxicity are serious side effects . Vitamin E and ginger extract are well known potent antioxidants. Aim: To study the possible protective effect of ginger extract versus vitamin E against simvastatin-induced skeletal muscle histological and the associated biophysiological changes. Materials and Methods: Forty adult male albino rats were randomly divided into four equal groups (10 rats, each).; Group 1: was the control rats. Group 2: received 0.54 mg/kg/day simvastatin orally for 8 weeks. Group 3: received concomitant treatment of simvastatin and 30 mg/kg/day vitamin E orally for 8 weeks. Group 4 received concomitant treatment of simvastatin and 500mg/kg/day ginger extract orally for 8 weeks. After sacrifice, specimens were taken from the belly of the quadriceps femoris muscles of all animal groups and processed for light and electron microscopy. Biochemical tests and statistical analysis were done. Results: Group 2 showed focal areas of muscle fiber loss, mononuclear cellular infiltration and variable staining density. Ultra structurally, myofibrillar degeneration and accumulation of numerous giant infrequently damaged mitochondria were observed. The skeletal muscle fibers of animals from group 3 and group 4, both were markedly improved. Group 4 revealed obviously normal mitochondria. Conclusion: Administration of simvastatin for 8 weeks induced histological, physiological and biochemical skeletal myotoxic effects. These effects were greatly ameliorated by concomitant administration vitamin E or ginger extract. Ginger extract was more effective.
INTRODUCTION
Statins are groups of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors that reduce total and low density lipoprotein (LDL), cholesterol and reduce the morbidity and mortality of cardiovascular diseases [1] . Moreover, statins have other cholesterolindependent effects such as decreasing inflammation, improving endothelial function and enhancing the stability of atherosclerotic plaques [2] . When combined with antioxidant vitamins, statins have been shown to induce therapeutic angiogenesis in the management of diabetesassociated peripheral arterial disease [3] . In the last few years, the use of statins has been extended to the treatment of other disease including ventricular arrhythmias, idiopathic dilated cardiomyopathy, cancer, osteoporosis and diabetes [4] . Although statins are well tolerated, 17%-of statin-treated patients suffer from myotoxicity ranging from muscular fatigability to strong myalgia and in the severest case rhabdomyolysis [2] . Risk factors for the development of a statin-induced myopathy include high dosages, increasing age, female sex, renal and hepatic insufficiency, diabetes mellitus and concomitant therapy with drugs such as fibrates, cyclosporine, macrolide antibiotics, warfarin and digoxin [5] . Statins decreased membrane cholesterol and thereby affecting membrane ionic channels and disrupting calcium handling [6, 7] . Moreover, statins induced muscle-specific mitochondrial impairment and oxidative stress [2] .Vitamin E (tocopherol) is considered a major fat soluble antioxidant and is commonly used to combat the injury and oxidative stress associated with exercise as a nutritional antioxidant [8] [9] [10] . It also possesses powerful neuroprotective, anti-cancer, and cholesterol lowering properties [11 -13] .
Zingiber officinale Roscoe, commonly known as ginger, is one of the commonly used spices around the world [14] . Ginger is ranked one of the plants with highest antioxidant values [15, 16] . Ginger contains active phenolic compounds that have antioxidant [17] , anti-cancer [18] . anti-inflammatory [19] and antithrombotic properties [20] and significantly reduces plasma cholesterol level [3, 21, 22] . Up to our knowledge, the possible modulating effect of ginger or vitamin E on statins associated skeletal myopathy has not been investigated yet.
AIM OF THE WORK
To evaluate the possible protective role of ginger extract versus vitamin E against simvastatin associated myotoxic histological and biophysiological effects in quadriceps femoris muscle in rats, aiming to get benefit from both the hypolipidemic and the muscular protective properties of either of them.
MATERIALS AND METHODS

I-Chemicals:
Simvastatin was obtained from Zocor tablets 20 mg (Global Napi Pharmaceuticals-Egypt). Vitamin E capsules (400 mg) were obtained from PHARCO pharmaceuticals. Pure ginger extract powder was purchased from Sigma Chemical Company.
II-Animals:
A total number of 40 adult male albino rats weighing (200 -250 gms) obtained and housed in clean capacious cages (up to 4 per cage). They were maintained on a natural 12:12-h light-dark cycle in an aerated room, temperature (25 ± 5˚C), food (standard rat pellets) and water available ad libitum. The experimental protocol was approved by the Institutional Animal Research Committee of the Faculty of Medicine, Assiut University, Egypt, and carried out in line with the ethical considerations, recommended by Faculty of Medicine, Assiut University, Egypt.
II-Experimental Groups:
The rats were randomly divided into four groups, ten animals each as follows:
Group 1 (control group): was further subdivided into subgroup 1a received 0.5 ml /kg/day distilled water orally via intragastric tube for 8 weeks and subgroup1b received propylene glycol (the vehicle for simvastatin) orally using intragastric tube at a dose of 0.5 ml /kg/day for 8 weeks.
Group 2 (simvastatin-treated group): treated with simvastatin (Zocor) dissolved in propylene glycol (0.54 mg/kg/day) orally using intragastric tube for 8 weeks [23] .
Group 3 (combined simvastatin and vitamin E-treated group): received concomitant treatment of simvastatin as in group 2 and vitamin E at a dose of 30 mg/kg/day orally using intragastric tube for 8 weeks [24] .
Group 4 (combined simvastatin and ginger-treated group): received concomitant treatment of simvastatin as in group 2 and ginger (500mg/kg/day) dissolved in distilled water via intragastric tube for 8 weeks [25] .
At the end of the experiment, all animals were sacrificed under general anesthesia. The belly of quadriceps femoris muscle was dissected away from tendon insertion of the right limb of each rat and was divided into small pieces. Specimens were fixed and processed for light and electron microscopy.
(1) For Light microscopy
Specimens were fixed in 10% neutral buffered formalin, dehydrated in ascending grades of alcohol, cleared then embedded in paraffin. Paraffin sections of 5 µm thickness were cut and stained with hematoxylin and eosin (H&E) for general histological structure, and phosphotungestic acid haematoxylin (PTAH) for skeletal muscle striations [26] .
(2) For Electron microscopy
Thin longitudinal muscle strips were cut and immersed in 2.5% glutaraldehyde buffered with 0.1 M cacodylate (pH 7.2) for 2 hours. The specimens were thereafter washed three times with the same buffer and post fixed in 1% buffered osmium tetroxide for 2 hours then dehydrated in graded series of ethanol, infiltrated with epoxy resin mixture and embedded in epon-araldite mixture. Ultrathin sections were cut by LKB ultratome and stained with uranyl acetate and lead citrate [27] . The ultrastructural analysis was carried out with transmission electron microscope (Joel TEM CS 100) in the Electron Microscopic Unit, Assuit University, Egypt.
(3) Biochemical tests
Blood samples were taken from each rat via retro orbital vein before sacrifice. Blood samples were initially centrifuged at 3000 round per minute (rpm) for 15 minutes. The clear, non hemolysed supernatant sera were removed and kept at -20 o C until use for analysis. Serum creatine kinase (CK) concentration (IU/l) was determined using a spectrophotometric assay. Serum total antioxidant capacity (TAC) was measured calorimetrically using commercial kit (Bio-Diagnostics, Giza, Egypt) [28] . Serum total peroxide (TP) was measured as described by Harma et al [29] . Oxidative stress index, an indicator for oxidative stress, was calculated as the percentage ratio of TP to TAC in mM/L [29] .
IV-Statistical analysis
Data are presented as mean ± standard error (SEM). The data were analyzed using one-way ANOVA to compare various groups with each other. Differences were considered statistically significant if p<0.05.
RESULTS
H&E-stained sections:
In longitudinal sections, skeletal muscle fibers of control animals (G1a, b) appeared elongated, cylindrical and ran in parallel. They were separated from each other by fine loose connective tissue (endomysium). Muscle fibers had acidophilic cytoplasm (sarcoplasm), multiple peripheral cigar-shaped nuclei and showed well-defined transverse striations (Fig. 1) .
Skeletal muscle fibers of simvastatin treated group (G2) showed variable staining density of their sarcoplasm, dense nuclei and focal areas of loss of fiber continuity with endomysial and sarcoplasmic mononuclear cellular infiltration (Fig. 2) .
Muscle fibers of both combined simvastatin and vitamin E treated animals (G3) and combined simvastatin and ginger treated animals (G4) showed obvious improvement compared with group 2 (Figs. 3 and 4) .
Phosphotungestic acid haematoxylin (PTAH)-stained sections:
In control group (G1a, b), skeletal muscle fibers showed well-distinct regular transverse striations (Fig. 5) .
Skeletal muscle fibers of simvastatin treated group (G2) showed variability of staining affinity with obvious and frequent loss of transverse striations. Focal areas of muscle fiber loss were also noticed (Fig. 6 ).
In combined simvastatin and vitamin E treated group (G3), the muscle fibers showed variability of staining affinity of some fibers with infrequent focal areas of muscle fiber loss (Fig. 7) .
Skeletal muscle fibers of combined simvastatin and ginger treated group (G4) showed obvious improvement compared with group (G2) and(G3) (Fig. 8 ).
Electron microscopic examination:
Examination of ultrathin sections of skeletal muscle fibers of control group (G1a, b) showed oval cigar shaped nuclei under the sarcolemma having heterochromatin clumps distributed along the inner surface of the nuclear envelope, mitochondria with intact cristae under sarcolemma and around the nucleus and regularly parallel arranged myofibrils occupying the sarcoplasm. The examined ultrathin sections of skeletal muscle fibers of combined simvastatin and ginger treated group (G4) showed numerous mitochondria with intact cristae clearly visible under sarcolemma, around the nuclei and in parallel rows among myofibrils. Myofibrils and sarcoplasmic reticulum appeared more or less similar to the control group. Nuclei were folded and euchromatic (Figs.12a, and b).
Biochemical and physiological results:
Muscle weight to body weight ratio was significantly reduced in simvastatin-treated group (Histogram 1). Concomitant treatment of vitamin E or ginger with simvastatin restored muscle weight to body weight ratio.
Histogram 2 showed that simvastatin significantly increased serum CK concentration (P< 0.001). In contrast, concomitant treatment of simvastatin with vitamin E and ginger significantly decreased serum CK concentrations (P< 0.001). The effect of ginger was significantly higher than the effect of vitamin E in reducing serum CK.
Serum TAC was significantly decreased in simvastatin-treated group as compared to control group. Concomitant treatment of vitamin E or ginger with simvastatin significantly increased serum TAC as compared to simvastatin-treated group. In contrast, serum TP was significantly increased in simvastatintreated group as compared to control group. Concomitant treatment of vitamin E or ginger with simvastatin significantly decreased serum TP as compared to simvastatin-treated group. In addition, oxidative stress index was significantly increased in simvastatin-treated group as compared to control. Concomitant treatment of vitamin E or ginger significantly decreased oxidative stress index as compared to simvastatin-treated group. The effect of ginger was significantly higher in reducing oxidative stress than that of vitamin E (Table 1) . (H&E x400). 
DISCUSSION
In the present work, treatment of adult male albino rats with simvastatin for 8 weeks led to obvious changes in the quadriceps femoris muscle fibers of adult albino rats.
The muscle fibers showed focal areas of cellular infiltration, focal areas of loss of continuity of the muscle fibers, loss of striations of the affected fibers. Besides, they showed variable staining densities with (H & E) indicating cytoplasmic protein denaturation and an associating local inflammatory reaction. The histological and physiological changes induced by simvastatin might be of multifactorial etiology. Previous researches [30, 31] reported mitochondrial impairment and alteration of Ca2+ homeostasis specifically in skeletal muscle due to preferential uptake of statins by monocarboxylate transporter (MCT4). In addition, statininduced skeletal myopathy might be due to depletion of the isoprenoid pool by statins (HMG-CoA reductase inhibitors) with subsequent generalized insufficient protein modification inducing myopathy [32] . The histopathological adverse effects induced by statin in rat quadriceps femoris muscle fibers observed in the present work reinforce previous reports [33] [34] [35] . At the ultrastructure level, the focal areas of degenerated myofibrils showed disruption of Z-lines, dilated SER cisternae, together with numerous, subsarcolemmal and perinuclear, giant mitochondria, sometimes with destructed cristae. Giant mitochondria might arise by fusion of the mitochondria to be spared from degradation and to sustain ATP production during apoptosis induced by reactive oxygen species [36, 37] . The fused giant mitochondria may be also one of the cellular defense or compensatory mechanisms to protect the cells from mitochondrial dysfunction by complementation of DNA products in fused mitochondria when these cells are exposed to toxic compounds [35] [36] [37] [38] [39] .
In the present study, the characteristic presence of abnormal, subsarcolemmal and perinuclear, zonal accumulation of numerous, giant mitochondria, sometimes with destructed cristae is consistent with that of the ragged red fibers indicative of mitochondrial myopathies previously described by many authors [40, 41] . In the mitochondrial myopathies, segmental distributions of mtDNA mutations can occur along the length of the muscle fiber [42] , concurrent with a corresponding upregulation of mitochondrial copy number in the mutant areas, presumably as a compensatory response to the mtDNA defect [43] . A strong link has been made between the presence of mtDNA mutations in skeletal muscle and the decrease in oxidative phosphorylation function [42] .
Up to our knowledge, this research might be the first histological one to raise the possibility that statin-induced skeletal muscle toxicity might be of the mitochondrial myopathic origin. This suggestion is well-supported by the previous report that a statin exhibited decreased skeletal muscle gene expression for oxidative phosphorylationrelated, and mitochondrial ribosomal protein genes in symptomatic subjects relative to asymptomatic subjects and that mitochondrial gene expression was also different at baseline before statin treatment between subjects who had and had not previously tolerated statin therapy. On the same line, the presence of biochemical and/or genetic abnormalities of proteins or genes that are involved in skeletal muscle-energy metabolism reported in more than 50% of statin-treated patients [44] .
In the present study, concomitant administration of simvastatin &vitamin E greatly ameliorated the statinassociated myofibrillar ultrastructural changes. This might be attributed to vitamin E effect as a potent chain-breaking antioxidant and stabilizer of membrane structure, by scavenging free radicals that may harm membrane lipids, interacting with phospholipids and increasing the orderliness of membrane lipid packing [45] [46] [47] . So, it contributes to integrity of the sarcolemma. Moreover, vitamin E can inhibit protein kinase C, 5-lipoxygenase & phospholipase A2 while activate protein phosphatase 2A & diacylglycerol kinase [48] thus alleviating the statin -induced inflammatory reaction. A like vitamin E administration improved statin-induced muscular symptoms during exercise as ache and cramp like symptoms as well as muscle weakness that were the major group of adverse side-effects among statin users even in the absence of elevated creatine kinase (CK) [49] .
In our study, the myofibrils and sarcoplasmic reticulum cisternae of simvastatin-& ginger-treated animal group appeared more or less similar to the control group. Ginger could inhibit the toxic effects of simvastatin on nitric oxide production in activated macrophages. Nitric oxide activates the pro-inflammatory marker (COX-2) & the proapoptotic marker (caspase 3). In addition, ginger inhibits release of cytokines that play an important role in initiating the inflammatory response to cell damage [50] [51] [52] .
In the current work, quadriceps femoris muscle fibers of simvastatin-& ginger-treated animals showed subsarcolemmal, perinuclear and intermyofibrillar numerous, apparently normal mitochondria. A similar observation has been reported in the mitochondrial myopathic mice on oral supplementation with nicotinamide riboside, with an increase in mitochondrial mass, mtDNA, and respiratory chain protein amounts, indicating active oxidative metabolism that efficiently prevented development and progression of mitochondrial myopathy in mice [41] .
Subsequently, these findings raise the possibility that concomitant ginger treatment with simvastatin resulted in a remarkable induction of mitochondrial replication (biogenesis) consequently corrected oxidative metabolism and prevented, to a great extent, the development of toxic changes induced by simvastatin at the ultrastructure level. This possibility is supported by the advanced report that (S)- [6] -gingerol treatment significantly increased Peroxisome Proliferator-Activated Receptor-γ Coactivator-1α (PGC-1α) mRNA expression within 5 hours in L6 myotubes and markedly increased mitochondrial content detected at a later time [53] . PGC-1αis considered a key "master regulator" of mitochondrial biogenesis (replication) in tissues active in oxidative metabolism as the liver and the skeletal muscles [54] .
The protective effect of either vitamin E or ginger extract against simvastatin-associated myotoxicity is consistent with a previous research whereas concurrent ginger extract or vitamin E treatment with atorvastatin significantly attenuated the extent and severity of the histological features of liver damage induced by atorvastatin alone. A more significant reduction of oxidative stress marker was observed with ginger [55] .
Although, the histological and biophysiological changes-induced by simvastatin might be of multifactorial origin, the oxidative stress effect has been greatly suggested [56] . This suggestion is reinforced by our physiological findings that showed decreased serum total antioxidant capacity (TAC), increased serum (CK), serum total peroxide (TP) and increased oxidative stress index (OXI) in simvastatin-treated animal group as compared to control group. Oxidative stress caused by toxic molecules may play a critical role in subcellular remodeling and abnormalities of calcium handling. These changes likely resulted from accumulation of toxic molecules such as long-chain acylcarnitines, free radicals, and abnormal membrane lipid content [57] .
In our study, concomitant vitamin E or ginger extract administration with simvastatin significantly increased serum TAC, significantly decreased oxidative stress index (OSI), decreased serum TP as compared to simvastatintreated. However, the effect of ginger was significantly higher than that of vitamin E in reducing oxidative stress index( O S I) and in reducing serum CK. Ginger extract exhibited inhibitory effect on xanthine oxidase responsible for generation of reactive oxygen species, such as superoxide anion [58] , inhibits nitric oxide (NO) synthesis in activated macrophages and prevents oxidation and nitration reactions induced by peroxynitrite, a strong reactive nitrogen species [50] , has potent anti-inflammatory properties both in vitro and in vivo [51] and possess a calcium antagonizing effect [59] . Meanwhile, it might induce active oxidative metabolism that efficiently prevented development and progression of mitochondrial myopathy as suggested in our ultrastructure observation.
In the present work, the muscle weight to body weight ratio was significantly reduced in simvastatin-treated animals. This weight loss might result from damage of the muscle fibers with subsequent protein degradation, denaturation and loss and/or the use of the stored fat in the muscle as an energy source. Spectroscopic findings reported protein denaturation and showed a decrease in protein, glycogen, nucleic acid, lipid content and an increase in lipid order and lipid dynamics in the simvastatin-treated muscle [60] . The decrease in the protein content of the muscle might reflect a situation of self-break down of the muscle protein (degradation) so as, to use the amino acids as an energy source because of the statin-induced decrease of the serum levels of lipids and fatty acids. This point of view is supported by the rise in serum CK observed in the present study and the previously reported rise in total serum CK and myoglobin content together with body weight loss of simvastatin-treated rats [35] .
The protective role of vitamin E and ginger extract could be related-in part-to their antioxidant properties. Ginger extract appeared more protective, most probably, through induction of mitochondrial replication. Further investigations on the molecular mechanism of simvastatininduced skeletal muscle damage and whether vitamin E or ginger extract can fully combat this adverse side effect aiming to get benefit from both the hypolipidemic and the muscular protective properties of either of them are highly recommended.
CONCLUSION
Simvastatin administration for 8 weeks induced obvious histological, physiological and biochemical myotoxic effects in the quadriceps femoris muscle of adult male rats. These effects were obviously improved on concomitant administration of either vitamin E or ginger extract with simvastatin. 
